A signal is observed whose probability of arising from a background fluctuation is 6.6 × 10 −15 , or 7.7 Gaussian standard deviations. The Ξ − b mass is measured to be 5792.9 ± 2.5 (stat.) ±1.7 (syst.) MeV/c 2 .
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Since its inception, the quark model has had great success in describing the spectroscopy of hadrons. The quark model has been successful for the B mesons, where all of the ground states have been observed [1] . The spectroscopy of c baryons also agrees well with the quark model, and a rich spectrum of baryons containing b quarks is predicted [2] . However, direct observation of b baryons has been limited to a single state, the Λ b (quark content udb) [1] that also contain a strange quark was shown from LEP [3] through partial reconstruction of decays containing electrons and muons. Recent results from the Tevatron on the Σ b states (quark content uub, ddb) [4] and Ξ − b (quark content dsb) [5] are beginning to subject the b baryons to closer examination.
In this Letter, we report the observation of a heavy baryon and measurement of its mass. The decay properties of this state are consistent with the weak decay of a b baryon, and we interpret our result as the observation of the Ξ − b baryon. This observation is made in pp collisions at a center of mass energy of 1.96 TeV using the Collider Detector at Fermilab (CDF II), through the decay chain Ξ
Charge conjugate modes are included implicitly. This measurement is based on a data sample with an integrated luminosity of 1.9 fb −1 . The CDF II detector has been described in detail elsewhere [6] . This analysis primarily relies upon the tracking and muon identification systems. The tracking system consists of a silicon microstrip detector and an open-cell drift chamber (COT) that operate inside a solenoid with a 1.4 T magnetic field. Muon candidates from the decay J/ψ → µ + µ − are identified by two sets of drift chambers located radially outside the electromagnetic and hadronic calorimeters. The central muon chambers cover the pseudorapidity region |η| < 0.6 [7] , and are sensitive to muons with transverse momentum p T > 1.4 GeV/c. A second muon system covers the region 0.6 < |η| < 1.0 and detects muons having p T > 2.0 GeV/c. Muon triggering and identification are based on matching tracks measured in the muon system to COT tracks.
The analysis of the data begins with a selection of wellmeasured J/ψ → µ + µ − candidates. The trigger requirements are confirmed by selecting events that contain two oppositely charged muon candidates, each with matching COT and muon chamber tracks. We also require that both muon tracks have associated measurements in at least three layers of the silicon detector and a two-track invariant mass within 80 MeV/c 2 of the world-average J/ψ mass [1] . This data sample provides approximately 15 million events containing J/ψ candidates, measured with an average mass resolution of 20 MeV/c 2 . The reconstruction of Ξ − candidates uses all additional tracks found in each selected J/ψ event. Pairs of oppositely charged tracks are used to identify Λ decay candidates. The proton (pion) mass is assigned to the track with the higher (lower) momentum. This mass assignment is always correct for Λ → p π − candidates used in this analysis because of the kinematics of Λ decay and the lower limit of ≈200 MeV/c in the transverse momentum acceptance of the tracking system. The Λ mass is measured with a resolution of 2.5 MeV/c 2 . All intersecting pairs of tracks with an invariant mass within 10 MeV/c 2 of the world average Λ mass [1] have their track parameters recalculated according to a fit where the momenta of the two tracks are constrained to the Λ mass. The decay vertex is used to calculate the Λ displacement from the beam-line in the direction of the track pair's transverse momentum. The background due to tracks originating from the primary vertex is reduced by requiring this displacement to exceed 1.0 cm. For candidates that satisfy these requirements, the remaining tracks are assigned the pion mass, and Λ π − combinations are identified that are consistent with the decay process Ξ − → Λ π − . In order to obtain the best possible Λ π − mass resolution, the reconstruction uses a fit on the three tracks that simultaneously constrains the Λ decay products to the Λ mass, and the Λ trajectory to intersect with the helix of the Ξ − decay pion. For all Ξ − candidates, the reconstructed decay position of the Λ candidate is required to be radially displaced at least 1.0 cm with respect to the reconstructed decay vertex of the Ξ − candidate.
The majority of Ξ − candidates have p T > 1.5 GeV/c. This, along with the long lifetime of the Ξ − (cτ = 4.9 cm) [1] , results in a significant fraction of the Ξ − candidates having decay vertices located several centimeters radially outward from the beam-line. Therefore, we are able to refine the Ξ − reconstruction by making use of the improved determination of the trajectory that can be obtained by tracking the Ξ − in the silicon detector. The Ξ − candidates have an additional fit performed on the three tracks that simultaneously constrains both the Λ and Ξ − masses of the appropriate track combinations, and provides the best possible estimate of the Ξ − momentum and decay position. The result of this fit is used to define a helix that serves as the seed for an algorithm that searches for silicon detector hits associated with the Ξ − track. We retain for further analysis all Ξ − candidates with measurements in at least two layers of the silicon detector. This technique provides excellent impact parameter resolution for the Ξ − track (average of 60 µm), and has been used previously [8] . The Λ π − invariant mass spectrum of all combinations that satisfy these requirements is shown in Fig. 1 The mass resolution for the J/ψ Ξ − final state is studied with a Monte Carlo simulation that generates b quarks according to a next-to-leading-order calculation [9] , and produces Ξ − b events by simulating b quark fragmentation [10] . The decay Ξ − b → J/ψ Ξ − is simulated with EvtGen [11] . The generated events are used as input to the detector and trigger simulations based on a GEANT3 description [12] and processed through the same reconstruction and analysis algorithms used for the data. Analysis of the simulated Ξ − b events shows that a 10% improvement in mass resolution can be obtained if the momenta of the Ξ − decay products are allowed to vary in the fit of the Ξ − b candidate, rather than simply using the Ξ − track. Consequently, a procedure that simultaneously fits the five tracks of the final state, constrains the three vertices of the decay chain to the appropriate topology, and constrains the masses of the J/ψ, Ξ − , and Λ to their world average masses, is used to provide the best estimate of the J/ψ Ξ − mass. The average Ξ − b mass resolution obtained from simulated events is found to be approximately 15 MeV/c 2 . In particular, we note that the J/ψ Ξ − invariant mass resolution is comparable to the mass resolution obtained with the CDF II detector for other B hadrons with a J/ψ in the final state [13] .
The selection used to isolate the Ξ − b → J/ψ Ξ − decay process is guided by the properties of other B hadrons that include a J/ψ in the final state. The important ones include the lifetime of the ground-state B hadrons and the energy available in the decay. The B ± , B 0 , and B s mesons and Λ b baryon, all appear to have lifetimes dominated by the weak decay of the b quark. We expect the same to hold true for the Ξ − b and for its lifetime to be comparable to these states. In addition, these particles all decay to final states J/ψ X, where X is a single hadron. In these decays the momentum carried by the decay products in the rest frame of the B hadron falls in the fairly narrow range of 1570 − 1744 MeV/c 2 for decays where only the lightest decay products are considered. We expect the energy released in the decay of the Ξ search strategy that will provide an optimal sensitivity for a final state that shares similar properties with these well-established B hadrons.
We have developed the event selection by studying B ± → J/ψ K ± decays. This final state is identified by assigning the K ± mass to all tracks not used in the J/ψ reconstruction. Each three-track combination must satisfy a fit where the tracks are required to originate from a common vertex and the invariant mass of the muon pair is constrained to the world average J/ψ mass [1] . Approximately 30,000 B ± candidates are identified in this sample. Several characteristics of the final state are used as selection requirements to obtain a B ± signal with very little background. Minimum transverse momentum requirements on the K ± and B ± candidates are used to suppress backgrounds from the event that are not related to the B ± decay. The trajectory of the K ± is required to originate from the B ± decay vertex by placing a requirement on its impact parameter d SV (K) and associated uncertainty σ dSV (K) with respect to the vertex found in the J/ψ fit. Similar impact parameter quantities d P V (K) and σ dP V (K) measured with respect to the primary vertex are used to remove tracks that originate from the prompt background. Reasonable vertex quality is assured by placing a minimum value on the accepted probability P (χ 2 ) of the mass-and vertex-constrained fit used to obtain the B ± candidate. We suppress the promptlyproduced combinatorial background by rejecting candidates with low proper decay time,
|pT (B)| 2 , where M (B) is the mass of the B ± candidate, p T (B) is the transverse momentum of the B ± candidate, and L T is the transverse displacement of the B ± decay vertex from the beam-line. A requirement on proper decay time uncertainty σ t removes poorly-reconstructed combinations. We also reject combinations that are inconsistent with having originated from the beam-line by requiring a small magnitude of the impact of the B ± candidate, This analysis uses a two-step selection procedure. Final selection criteria are listed in Table I . We first impose the "standard" selection requirements listed there and retain all J/ψ K ± combinations that satisfy them. Any combination that fails only one of the "standard" selection requirements is also allowed into the final sample if it satisfies both of the p T requirements of the "highp T " selection requirements and fails no more than one of the other requirements in this set. The combination of "standard" and "high-p T " requirements reduce the background in the B ± → J/ψ K ± sample to approximately 400 combinations, while retaining a signal of 16,000 B ± candidates.
As is done for the reconstruction of the B ± , the treatment of the J/ψ Ξ − candidates requires a mass-and vertex-constrained fit on the muon candidates and the Ξ − track. The selection criteria in Table I 
Selection variable
> 5 GeV/c > 6 GeV/c |d SV (K)| < 100 µm < 80 µm |d P V (K)|/σ dP V (K) > 2.5 > 3 P (χ 2 ) > 0.1% > 1% |d P V (B)| < 75 µm < 60 µm ct > 80 µm > 100 µm cσ t < 30 µm < 25 µm β < 0.4 radians < 0.3 radians
The mass resolution estimate for the Ξ − b implies that more than 95% of a Ξ − b signal will occupy an invariant mass bin with a width of 75 MeV/c 2 . The data shown in Fig. 2 contain 18 
